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FOOTNOTES 

Abbreviations  used:  LAMP,  Lysosome  Associated  Membrane  Protein;  SOS-PAOE, 
sodium  dodecyl  sulfate-polyacrylamide  gel  electroohores i s;  P3S,  phosnhite 
buffered  saline;  HBSS,  Hank's  Buffered  Salt  Solution;  NP-^O,  Non  idet-P4Q ;  BSA, 
Bovine  Serum  Albumin,  FBS,  Fetal  Bovine  Serum. 

*Present  address:  University  of  California,  Berkeley,  CA. 
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ABSTRACT 

-Several  properties  of  the  lysosomal  membrane  glycoproteins  LAMP-1  and 
LAMP-2  have  been  analyzed.  Each  molecule  was  strongly  associated  with 
lysosome  membranes  and  was  extracted  only  in  the  oresence  of  detergent. 

Studies  of  the  biosynthesis  and  procession  of  the  g 1 ycnproteins  showed  that 
each  contained  a  polypeptide  core  of  approximately  43.000  dal  tons  as 
identified  by  use  of  tunicamycin  and  endool vcosidase  H.  Nascent  glycoDroteins 
pulse-labeled  for  5  min  with  [JOS]methionine  were  aooroximate 1 y  92.000 
dal  tons.  These  precursor  molecules  were  processed  in  30  min  to  highly 
heterogenous  mature  glycoprotein-,  of  approximate!  v  110,000  dal  tons  (LAMP-1) 
and  105,000  daltons  (LAMP-2).  Concomitant  witn  the  increase  in  apparent 
molecular  weignt  Lie  molecules  becaiie  enrioq i vcos idase  H  resistant  and  acquired 
sialic  acid  residues,  indicating  that  they  were  converted  to  comp i ex-type 
oligosaccharides.  The  final  maturation  or  trie  q  1  vcoDrote i ns  was  blocked  by 
monensin.  Immunoh is tochemi cal  analysis  or  tissues  from  Balb/c  and  Beiae/J 
mice  showed  that  the  molecules  were  present  on  many  types  of  cells,  consistent 
with  their  presence  in  lysosomes.  The  patterns  of  tissue  expression  of  LAMP-1 
and  LAMP-2  in  the  two  mouse  strains  were  the  same  except  that  the  intensity  of 
staining  of  LAMP-2  was  less  than  that  of  LAMP-1.  LAMP-2,  but  not  LAMP-1,  gave 
a  decreased  immunofluorescent  staining  intensity  in  transformed  HaNlH  as 
compared  to  NIH/3T3  cells.  The  marked  similarities  between  the  LAMP  proteins 
raise  the  consideration  of  common  functions,  possibly  associated  with  the  high 
oligosaccharide  content  of  the  molecules. 


INTRODUCTION 


Lysosomes  have  a  central  role  in  cellular  homeostasis  as  sites  for 
digestion  of  foreign  materials  and  for  degradation  of  intracellular  components 
undergoing  autolytic  processing  (de  Duve,  1933).  Recently,  several  reports 
have  described  glycoproteins  associated  wi th  lysosomal  membranes.  These 
molecules  are  of  interest  for  their  possible  role  in  the  biogenesis  of 
lysosomes  or  in  certain  specialized  functions,  such  as  fusion  with  other 
vesicles,  selective  recognition  and  transport  of  molecules,  vesicle 
acidification,  and  resistance  to  lysosomal  hydrolytic  enzymes. 

We  previously  identified  two  ql vconroteins  of  mouse  cells  specifically 
localized  in  the  lysosomal  membrane,  LAMP-1  of  105,1)00  to  115,000  dal  tons  and 
LAMP-2  of  100,000  to  110,000  dal  r0ns  (Chen  et  aL ,  lyasa:  Chen  et  oJ_. , 

1985b).  Electron  mi crcscopy  w i th  ferritin  bridge  labeling  showed  that  both 
were  localized  just  beneath  the  limiting  lysosomal  membrane  of  large  "dense 
body"  lysosomes  and  smaller  mul fives i cul ar  lysosomes.  LAMP -l  and  LAMP-2 
appeared  to  be  different  polypeptides  as  indicated  by  tryptic  peptide  mapping, 
sequential  immunopreci pi tation  (Chen  et  al.,  1935a ) ,  and  N -terminal  amino  acid 
sequence  analysis  (Chen,  unpublished).  Additional  studies  of  LAMP-1  suggested 

that  the  molecule  contained  a  large  number  of  N- linked  ol i gosacchar i des  as  the 

3  3 

glycoprotein  pul se- label ed  with  [ JJS]nath ion ine  and  treated  with 

endogl ycosi dase  H  yielded  a  core  polypeptide  of  45, 000-dal tons  (Chen  et  al . , 

1985b). 

LAMP-1  and  LAMP-2  were  compared  with  other  recently  described  lysosomal 
membrane  glycoproteins.  Reggio  et  al.,  (1934)  and  fcugard  et  al.,  (1985) 
identified  a  protein  of  about  109,030  dal  tons  present  both  in  lysosomes  and 
prelysosomal  acidi'-  vesicles.  Polyclonal  antibodies  against  this  protein 

f  + 

reacted  with  a  gastric  mucosal  H  / K  AFPase  and  it  was  suggested  that  the 
protein  may  be  a  component  of  the  proton  pump  involved  in  vesicle 
acidification.  Lewis  et  al.,  (1935)  described  glycoproteins  of  120,000, 


100,000,  and  80,000  dal  tons  located  in  lysosome  mom  bran es.  The  180, 300 -da  1  ton 
component  was  found  to  contain  a  42,  OvJO-dal  ton  do  1  vneot i de  core  and  at  least 
18  N  —  1 i nk e d  oligosaccharides  rich  in  sialic  acid.  In  addition. 

L i pp i ncott-Schwartz  and  Fambrouqh  (personal  communication)  have  identified  a 
glycoprotein  of  approximatel y  100,000  daltons  in  chick  embryo  fibroblasts  that 
yielded  a  core  polypeptide  of  48,000  daltons;  this  molecule  was  located 
predominantly  in  lysosomal  membranes  with  smaller  fractions  present  in 
endosomes,  the  Golgi  apparatus  and  the  plasma  membrane. 

In  this  report  we  describe  the  further  character ization  of  LAMP-1  and 
LAMP-2.  The  molecules  were  very  similar  in  thei1'*  bins  vn  flies  is  mo  expression 
in  vivo  and  both  contained  a  large  number  of  N- linked,  hicniv  si  ilia  ted 
oligosaccharide  chains.  The  similarity  in  ol  i  nos  accnar  me  compos  i  ti  on  of 
these  glycoproteins  and  those  oescrioeo  by  Lewis  et_  *)_.  (1085)  and 
Li ppincott-Schwartz  and  Fambrouqh  (1S85)  raise  the  possibility  or  comaon 
functions  that  could  be  related  to  tne  biogenesis  or  function  of  lysosom.es. 
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MATER  I  MS  AND  ME  THORS 

Anti  bodies 

Monoclonal  antibody  an ti  -LAMP- 1 .  IuG2a,  .-.'as  derived  frr-n  noloon  col  In  of  a 
rat  immunized  with  a  membrane  fraction  of  mouse  ‘-mb.  /o  3T3  colls  (Huohes  and 
August,  1981).  Monoclonal  antibody  an  ti -LAMP-2,  laGEa,  was  derived  from 
spleen  cells  of  a  rat  immunized  with  a  1  on  til  tin  memnr  ane  friction  of 
Balb/c  3T3  cells  (Chon  »~-t  al_.,  1935a). 

Col  Is 

MIH  3T3  cells  (Jainchill  et  a_L.  1555)  wore  obtained  from  l)r.  Don  Blair  of 
the  Frederick  Cancer  Institute.  ML)  an  a  wore  used  at  passage  A.  HaN  I H  cells 
(Scolnick  and  Parks,  1974)  and  PJ58D1  (Shev.acn  et  a_L ,  19/3)  were  op  tain  od  as 
previously  described  (Huuhes  and  August,  1931)  and  maintained  as  describee 
(Chen  _et  aj_. ,  1935 b) . 

Biosynthetic  labeling  of  Colls 

) 

HaiNIH  cells  grown  to  30-90  percent  confluence  in  7 '6  gm"  or  loJ  cm 
flasks  were  washed  with  warm  Hank’s  Buffered  Salt  Solution  (HBSS)  (Gibco, 
Chicago  Falls,  Ohio),  and  cultured  with  5  ml s  of  methionine-tree  neuia  (Gibco) 
for  2  h  at  37“C.  The  cells  were  then  pulse- 1  obeled  with  6  nils  of  labeling 
media  [meth  ion  ine-free  media  supplemented  with  125  yCi/ml  of  [  ' "'S ] noth  ion  ine 
(Amershain,  Arlington  Heights,  I L ) ]  for  5  min  or  as  indicated  in  the  text. 

Cells  were  then  washed  two  times  with  warm  I  IBS  5  and  collected  immediately  or 
incubated  with  Dulbecco’s  minimal  essential  medium  containing  10  percent  fetal 
bovine  serum  for  the  times  indicated  in  the  text.  The  inhibitors  tun  icamyc  i  n 
or  moriesin,  when  present  as  indicated  in  the  text,  were  added  with  each  of  tile 
madia.  Cells  to  be  harvested  were  w. as  nod  three  times  with  PBS  at  4°C,  removed 
from  the  plate  by  scraping,  and  collected  by  centrifugation. 


Cel1,  Extraction  and  Protein  Immunooreci  ni  tat  ion 

Metab ol i ca 1 1 y  labeled  cells  were  extracted  with  a  lysis  buffer  [10  mM 
fris-HCL,  pH  7.5,  0.5  percent  Noni  det-P'-O  (N P-40,  Particle  Data  Inc., 

Elmhurst,  IL),  5  mM  EDTA,  1  mM  phenylmethylsul  foil  vl  fluoride,  and  0.15  M  NaCl 
(Hughes  and  August,  19821].  After  30  min  on  ice.  the  1  vs  ate  was  freeze-thawed 
three  times,  and  the  detergent-insoluble  material  was  re™ ovad  by 
centrifugation  at  100,000  x  a  for  60  min  at  A'C.  The  soluble  extract 
containing  1-5X10^  acid  preci  pi  table  don  was  incupated  witn  200 
monoclonal  antibody  from  tissue  culture  suoernatants  for  1  h  at  4°C  followed 
by  addition  of  a  titered  amount  of  a  oat  anti  -  rat  second  antioedv  and 
incubation  on  ice  for  5  h.  ihe  an tiboav-  an ti  aen  ccmoiexes  were  washed  twice 
with  20  mM  Tris-HCL,  pH  7.6  contain  ino  2.5  M  \C1.  100  n:M  NaCl,  1  mM  EDTA,  0.5 
percent  NP-40,  and  once  with  20  mM  Tris  HC 1 .  on  7.5.  The  oreci  pitates  were 
analyzed  by  SDS-PAGE  under  reducing  conditions  (Laemmii,  19/0)  followed  by 
fluorography  (Bonner  ana  Laskey,  1974) ,  unl-ss  otherwise  innicatea.  Molecular 
weight  standards  were:  myosin,  Mr  200, COO;  o-ua i actos iciase,  Mr  115,000; 
phosphoryl ase  B,  Mr  97,400;  33 A,  Mr  63,000 ;  RNA  polymerase  subunit,  Mr  43,000; 
and  chymotryps in,  Mr  23,000. 

Light  Microscopic  Immunoh is tochem is  try 

Light  microscopic  immunon  is  tochemi  s  try  was  performed  as  described 
(HcMi 11  an  et  al . ,  1931).  Tissues  obtained  from  8 a  1 b/ c  (Charles  River)  or 
Beige-J  (Jackson  Laboratory,  Bar  Harbor,  MA)  mice,  were  frozen  in  liquid 
nitrogen  in  OCT  mounting  compound  (Lab-Tek  Products  Division,  Miles 
Laboratories,  Inc.,  Naperville,  IL)  on  brass  chucks.  Four  ;im  frozen  sections 
were  applied  to  room-temperature  slides  precoated  with  0.5  percent  (w/v) 
gelatin  and  0.05  percent  (w/v)  chromium  potassium  sulphate  (Fischer 
Scientific,  Pittsburgh,  PA).  The  specimens  were  immediately  fixed  in  cold 
acetone  for  10  sec,  air  dried  and  refrigerated  until  use.  Immediately  before 
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staining,  sections  were  fixed  in  cold  acetone  for  3  min,  air  dried,  rinsed  in 
phosphate  buffered  saline  (PBS)  for  10  min,  and  processed  as  follows:  ( 1) 
incubated  in  0.3  percent  H^O 2  in  methanol  for  10  min  at  room  temperature 
and  rinsed  for  10  min  in  PBS:  (2)  incubated  with  100  yl  oi  a  1:20  dilution  of 
normal  human  serum  (type  A3+)  in  diluent  buffer  (PBS)  containing  3  percent 
normal  human  serum  for  20  min  at  room  temperature  in  a  humid  chamber  and  then 
rinsed  in  PBS  for  5  min;  (3)  incubated  overnioht  at  4  C  vn tn  100  ul  of  a 
1:10  dilution  of  either  a-LAMP-1,  a-LAMP-2,  5D227  or  P3x63Ag3  nybridoma 
supernatant  and  washed  twice  in  PBS  for  10  min;  (4)  treated  with  100  ul  of 
horseradish  peroxidase  con  iu  gated  aoac  IgG  anti-rat  InG  (Kirkegaard  and  Perry 
Laborator ies ,  Gaithersburq,  HD),  10  ul/ml  in  diluent  ourrer,  for  30  min  at 
room  temperature  and  washed  twice  for  10  min  with  PBS;  (5)  covered  with  PBS 
containing  0.8  ug/ml  3-3' -diami  nobenz  idine  tetranydrocn  ior  ide  and  0.03  percent 
H202  for  4  to  5  min,  washed  witn  H?0,  counterstained  with  Mayer's 
hematoxylin  for  30  sec,  dehydrated,  cleared  in  xylene,  ana  mounted  in  Permount 


(Fischer  Scienti  fic). 


RESULTS 


Anpn  i p|i  jl  j c  Properties  of  the  G1  vconmte  ins 

The  association  of  LAMP-1  and  LAMP-?  wi  th  lysosomal 


by  use  of  a  variety  of  deteroents  and  chantr-m 
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glycoproteins  into  a  soluble  fraction.  As  ms or it--  ! 
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cells  were  incubated  with  the  various  ;  m  **ea  m.;  o'°  *r '  a' 

100,000  x  g.  The  supernatants  were  re '.a  iron  ana  tne  '-.‘to  e  ten  tv  i 
lysis  buffer  containing  0.5  percent  Non  idet  P-40.  G 1  vcocrote  i  ns  in  ti.  e 
supernatant  (  "supernatant"!  and  extract.'?  nel  1  *t  “r  '  •?  '  *•■*.:*:  on 

then  itrmunopreci  pitated  and  analyzed  ov  ATS -FA  IE  s'F-i  r.-r--  .  . 

LAMP-1  and  LA-IP-2  were  eacn  extracted  on  i  v  m  me  met  eooe  •  :•  tero-mt . 
Triton  X- 100  or  Non  idet  P-40.  The  ni  vco:;rrte  ms  oovi  r ■■■■•: a  im-a  :n  -.n->  i  1 
pellet  wnen  cells  were  extracted  w  i  tn  eitner  i.  >  j.-j  •:  mm  a  me  us  ;  . 


1.0  M  urea,  or  5  rnM  EDTA.  These  result: 


)  tn  :t  o  :tu 


trill 


had  properties  of  amphiphilic  moieciioS  i  m  .ar-mm  ;i  :r-;::n...)  i  •:  j.,vi  c  : - 1  u:r, 

with  lysosomal  membranes. 

Biosynthesis  of  the  G1  vcoorote  ins 

Precursor  forms  of  LAMP-1  and  LAMP-2  and  processing  of  tne  molecules  were 


examined  by  pulse-chase  labeling  and  immune preci p : ta t i on. 


is  were 


pulse  labeled  for  5  minutes  with  [  '3S]->nn  ion  ine  and  then  incubated  with 
unlabeled  methionine  for  different  times.  Immunopreci pi tatss  obtained  by  use 
of  the  anti -LAMP- 1  or  anti  -LAMP- 2  antibodies  .-.ere  anal  yzed  by  SOS -PAGE. 

LAMP-1  and  LAMP-2  present  in  the  5  mm  pulse- 1  abeled  fraction  (0  chase) 
and  the  early  chase  fractions  appeared  as  mil  ti  pie  forms  ranging  in  apparent 
molecular  weight  from  about  83,000  to  92,000  (Fig.  2).  These  precursor  forms 
were  processed  to  mature  molecules  of  approximately  110,000  (LAMP-1)  or 
105,000  (LAMP-2),  beginning  at  about  30  minutes  after  pulse- 1 abel ing.  There 
consistently  was  reduced  labeling  of  LAM  P-2  by  [  'Sjmethion  ine. 


Effect  of  Tunicamycin 

Asparagine-linked  oligosaccharides  are  formed  via  a  1  ioid-1  io'<-.-d 
high-mannose  precursor  (Glc^MangGlcNAc?)  which  is  transferred 
co-translationally  to  nascent  peptide  chains  durian  their  transport  ac-ots 
membranes  of  the  rough  endoplasmic  reticulum  fTeviewod  tv  Komf-i  h  and 
Kornfeld,  19S5).  Tunicamycin  inhibits  the  formation  of  f-his  1  i  oi  J- 1  i  r<ed 
precursor  oligosaccharide  therebv  nreventinn  D-a !  vcns  vl  atim  o'"  ore  ins 

(Tkacz  and  Lampen,  1975).  Analysis  of  the  ~f  tun-..: rvrn  ",av  r nr 

indicate  the  presence  of  N-linked  ol  igosacchar ides  on  the  mature  molecule  and 
reveal  the  nature  of  the  core  oolvoeDtida  . 

Ha, ‘JIM  cells  incubated  in  the  presence  or  tun  ic.amvc  l  n  wer«  ou  i  s  e-  i  :uel  ed 
1 5 

with  [  S]methion  ine  and  LAMP-1  and  LAM  P-2  were  immunonreci  m  t  nr-::. 
detergent  extracts  of  cells.  Molecules  were  present  as  1  uw  Mr 
polypeptides,  Mr  =  42, COO  for  LAMP-1  (Fig.  31  an o  Mr  -  44,000  for  u.-.MP-M  (dat 
not  sh  own  due  to  the  difficulty  in  pho togrepni cal  1 y  reorocuc  irn  t.n  j  1  i  anti  y 
labeled  LAM  P-2). 

Effect  of  Endoql ycos idase  H 

The  G lc^MangG  1  cNAc2  oligosaccharides  transferee!  to  polypeptides  are 
quickly  processed  by  a  series  of  enzymes  present  in  the  rough  endoplasmic 
reticulum  and  Golgi  apparatus,  resulting  in  the  removal  of  the  glucose  and 
several  mannose  residues.  For  those  glycoproteins  that  traverse  the  Golgi, 
this  is  followed  by  the  addition  of  other  sugars  character  is ti c  of  complex 
oligosaccharides.  Prior  to  removal  of  the  mannose  residues,  the 
oligosaccharide  is  sensitive  to  endo-s-N-acetyl gl ucosami n idase  H,  which  acts 
specifically  on  oligosaccharides  that  contain  four  or  more  mannose  residues, 
cleaving  the  carbohydrate  chain  between  the  two  proxicil  GlcNAc  residues 
(Tarentino  and  Maley,  1979).  Treatment  with  enrioglycos  i  dase  H  should 
therefore  confirm  the  presence  of  high  mannose  ol  igosacchar  ides  and  yield  a 
product  that  cl osel y  resemb  1  es  the  core  polypeptide  synthesized  in  the 
presence  of  tunicamycin. 


HaNIH  cells  were  Dulse  labeled  for  5  .-on  -.vith  r“°0‘!  ;>Hh  ion  inn.  l-'-MP- 1 
and  LAM  P-2  were  immediately  immunopreci  ni  t  a  fed  frprn  cell  extracts  ,  and  eon  ?.  1 

aliquots  of  the  immunopreci  pi  tates  were  treated  with  on  dm  i  yens  idase  H  or 

control  buffer.  The  enzyme  had  a  marked  effect  on  both  LAV0-1  ^nd  L-MP-2: 

The  pulse  labeled,  unprocessed  glycoproteins  ar.pear°d  as  a  i  m  1  o  oo  i  voeot  i  de 
bands  of  approximately  43, COO  and  45,000  dal  tons  for  a-9-'  -nd  J-2. 
respectively  (Fig.  4).  The  untreated,  control  al  icuofs  .-.on  t  •>  - >•  a*  -r.  a  -a  moot -3 
precursor  forms  of  about  90. 000 -dal  tons .  een  10  -i  :. 

The  effect  of  endoolycos  idase  H  was  also  studied  witn  cel!'-,  nu  i  se- i  -abei  ed 
and  chased  for  varyinn  times.  Post-tr  son  1  a  t»rn  a!  ^r--  ... ,  r  •  -m 

LAMP-2  was  accomDan  ied  Pv  an  increase  in  r.ne  a 00 ■'.rent  n  i  ecu  ar  anr  or  tne 
glycoproteins  at  about  30  nin  -after  m  ice  i  .aoei  i"n  of  me  •'  ms  n- 

pol  ypepti  des  ,  as  seen  in  rin.  2.  f.nsso  on  ones  can  no  a  car  '  a  •  0  0 

removal  of  mannose  residues  from  cne  men  mannose  core  anu  toe  :n  or 

N -acetyl  glucosamine,  galactose,  fucose  ana  s  i-ai  ic  aci  0  r-s  in  ies  on  -,r  actor  is  v 
of  complex  oligosaccharides,  and  pc.,-;  i.n l  y  me  -  J :J i  t  sen  0-1  - 

ol  igosaccharides.  Support  for  this  "traei  or  w  .•  ;t  : 

endoglycos  idase  H  on  samoles  immune  ore  :i  pi  tat :  1  at  d:  f  f-;r--nt  -.;t-r 

pulse-chase  labeling.  The  precursor  gi  ycoceot  i  des  remained  s-nsiti/u  to 
endoglycos  idase  H  after  5,  10,  15,  and  20  min  of  cnase  incusa ticn  foil  swing 
the  5  min  pulse- label  ing.  Coin  solec  jles  became  resistant  to  the  t.-nzyse 
between  30  and  40  minutes  after  labeling,  corresponding  to  tne  time  .-.n *.-n  the 
proteins  showed  the  apparent  increase  in  mo  1-.- cut  or  weight  fr<  m  the 
90, 000  — dal  ten  precursor  glycoproteins  to  the  105,000  to  110,0m0-d ai  t>ui  mature 
forms  (D 1  Souza,  unpub  1  ishei ) . 

Effect  of  Monensin 

Further  evidence  of  the  role  of  th-  Gnl  i  appar  atus  in  the  terminal 
processing  LAMP-1  and  LAMP-2  was  ob  t  a  ’.nod  by  use  if  monensin.  Monensin,  a 
monovalent  ionophore,  markedly  effects  a  number  of  eukaryotic  cell  functions. 


including  the  post-translational  modification  of  ql  /cc proteins  :n  the  In! ni 
complex  (Tartakoff  and  Vassalli,  1973;  Str  auss  and  Lodish,  1999;  Johnson  an  1 
Spear,  1933). 

In  the  absence  of  monensin,  LAMP-1  and  LAMP-3  demonstrated  the  expected 

90,000  molecular  weight  form  at  T=0,  and  were  processed  at  T - 120  to  the  mats’' 

forms  of  140,000  and  125,000  dal  tons  in  P333  and  M  ad  Hi  colls,  msnect  i  vel  v 

(Fig.  5).  In  the  oresence  of  monensin.  at  ccn contritions  as  1  is  0.2  m-L 

both  LAMP-1  and  LAMP-2  at  T=  120  were  both  present  as  Ofruse  oanas  of  about 

S5 , 000  dal  tons.  The  same  number  of  acid-Dreci oi table  counts  were  included  in 

each  irrmunopreci  Ditation  reaction,  and  there  was  no  a  mar  aecr-'ase  in  r.rae 
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incorporation  of  S-methionine  even  at  h  inner  coses  or  ■mn-r'-.m,  sunn  as  tin  a 
that  there  was  no  significant  effect  or  tne  or-.n  on  *n  e  r  i  or  s  vi  r.:i  es  i  s  or 
metabolic  degradation  of  these  anti  eons.  Tne  .axner  'ran;  repeated  w  i  tn  a  a.',  id 
cells  gave  similar  results. 

In  Vivo  Expression  of  LAMP-1  and  L-VL3-.- 

The  in  v  ivo  express  ion  of  LAMP-',  and  L  AM  P-3  was  examine.:  ay  m  mi. 
microscopic  immunon  is  tochomi  s  try  of  tissues  frem  Bulb/c  me  Buiea-d  mica 
(Figure  6).  Beige-J  mice  have  an  inherited  defect  in  lysosomal  function 
leading  to  a  Chedi  ak-Hi  gash  i- 1  ike  syndrome  (Chi  e  t  a  1 . ,  1973;  F  rank  el  et  al., 
1973).  These  mice  were  examined  to  ascertain  , -.nether  or  not  there  were  any 
gross  alterations  in  tissue  express  ion  of  LAMP-1  or  LAMP-2  accompanying  the 
Beige  phenotype  which  is  characterized  by  granulation  anomalies  of  leukocytes 
and  gigantism  of  cytoplasmic  or  gin  el  los  (Witkop  e  t  a  1 . ,  1933).  LAMP-1  and 
LAMP-2  displayed  essentially  identical  tissue  staining  patterns  in  the  two 
mouse  strains.  Increased  staining  of  LAMP-1  as  compared  to  LAMP-2  was 
consistently  observed.  This  was  in  accord  with  evidence  that  LAMP-1  is  more 
abundant  than  LAMP-2.  Both  .antigens  were  notably  found  in  macrophages  and 
epithelial  cells.  Staining  was  predominantly  in  trace!  1  ul  nr.  At  the  light 
microscopic  level  we  were  not  able  to  resolve  any  differences  in  cytoplasmic 


distribution  of  LAMP-1  or  LAMP-?  in  Balb/c  as  cs.-ip^od  to  3  "  : ;-.i  cal1:.  '  : 
control  immunogl obul  ins  in  these  experiments  .-.ere  sue  Hi?" 7  -r; '•'••:!  so  a! 
antibody,  I  g  G  2  a  ,  which  reacts  with  a  pol  vrorr-. ;  c  :eto>"nin  -n*.  ■  s*.  nr-  -•see': 
Balb/c  mice  (Hughes  and  August,  1931)  and  P  ?/•'?■’.  a?  •'•'.--h '••••  -  1976'. 

Both  gave  minimal  nonspecific  antibody  b  ind;rs. 

A  orinci  Die  site  of  expression  of  LAMP- 1  set  I?"-1-0  =•,  i  al 

cells.  Staining  was  granular  and  cytool  M1  : -hoi  :  , 

stain ina  was  oolar’zed  with  respect  to  th 

intracel  lular  staining  was  observed  in  the  viable  enit'nouum  of  she  com  ie 
surface ,  a oi cal  cytonl asm  of  enithel  ini  cells  *  : 

(Figure  6F),  basal  cytool  asm  of  cells  linino  n- :•••  i  •  ' .  • -s ,  r'.o  sse 
efferent  ductul  i  of  the  eni  gi  tni s  .  Kinney  ter  ei  et  coo  :.*  :•••-••!  >.  n  ■  :e 
ccncen tration  of  these  anti  cons.  v.niie  iin'-pr-i;  i  were  n-->oitive  - 1  o  .re 
Pancreatic  acinar  cells  were  positive  in  a  or  no:  nr  cvtooi  asm:  c  n  it*,  err.,  wm  1  :• 
the  islets  of  L  an  pern  ans  were  intensely  s  tamer.  .  f  i  :,ro  i:  .  St  •  :n  r  :n 
hepatocytes  was  concentrated  in  a  juxtunucioar  -at tern.  Mac -err;  •  :-s  in  -os*, 
organs,  including  tne  lung  (Figure  on  i ,  conn-: ::  :v-.-  tissue,  nisei  ns  I  /  :ri 
nodes,  stained  intensely.  Lymp.oocyles  not  s  t  a ;  *; -r*:  by  oi  trier  unsiuecy. 

The  antigens  were  also  diffusely  located  threugnou t  most  of  the  grey  and  wmte 
matter  of  the  brain,  with  a  slight  increase  or  staining  in  cereoei  iar  ?urk  in  je 
cells  as  compared  to  the  granule  ceil  eng  mo  I  ecu!  n'  layers.  Other  regions  of 
the  nervous  system  were  not  staineu.  Staining  was  absent  in  stromal  tissues, 
including  smooth,  cardiac  and  skeletal  muscle,  end  collagen  al  though  there  was 
minor  staining  in  the  olood  vessel  walls. 

Expression  of  LAM  P-1  an  d  LAMP-?  in  7r  gm  r  rr---i  la' Is 

There  have  been  reports  that  lysoscros  and  lysosomal  integrity  any  be 
involved  in  cell  transformation  ( Za j aC-Kuye  and  Ts'o,  193-1).  For  tins  reason 
we  have  compared  the  expression  of  LAMP- 1  and  LAMP-2  in  Kill  313  w  is o  embryo 
cells  and  Harvey  sarcn,T1i  virus  transformed  hill  3T3  cells. 
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The  ,r71!TUino  fluorescence  localization  of  the  anti  non  was  the  svre  in  both 
types  of  cel1'  with  a  vesicular  perinuclear  stain  inn  pattern  consistent  with 
that  of  the  lysosomal  localization  of  these  antigens  'Chen  et  a!.,  19S5  a,o) 
(Fig.  7).  However.,  while  the  pattern  of  distribution  0f  LA*P-1  ana  _AMP-2  was 
indistinguishable  between  the  two  cell  tyoes,  the  intensity  of  staining  of 
LAMP-2  was  greater  in  NIH  as  compared  to  HafJIH.  This  difference  between  the 
two  cell  types  was  not  detected  in  the  intensity  of  staining  of  LAMP-1. 
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DISCUSS  IOM 

In  this  study  we  have  compared  sore  of  the  :><  -vp-reti •’>:  ■:'  '.'*••?- 

LAMP-2,  two  glycoproteins  specifically  lcc  il  ired  ;n  i  yre\.j  -a1  -rer 
absent  at  the  plasma  membrane  or  in  eoiiacvtoti  r  v  aceol  <■»•. ,  ~h--  "in' 

markedly  similar  in  many  of  their  pro  nor  t  res.  r>  irti  c •:!•>.'•!  •/  ;n  Mi 
structure,  and  in  cell  and  tissue  (repress  ion .  As  pry ions ! v  descr 
membrane  distributions  of  the  molecules  an  a!  •/.'  •••  !av  -’I  r—i  mi  r*-; 
i den ti  cal  (Chen  et  ai . ,  1235 .a) .  LAMP-1  was  >.  -a  )->r  sot.;. •on -"i r.  of  - 
it  constituted  0.1  percent  of  total  deterqont  extracted  cell  protc 

n 

labeled  with  ["’H  Iql  ucos  ami  ne,  the  icmunonr.-x-i  r>i  *•■>‘••>0  .<!  vc^o^otein 
for  about  15  percent  of  the  total  aci  d- insol  uo  1  r  rereactiv  i  tv  fra 
two-dimensional  qel  el ectroohores  is  (Huertas  arm  .uuuuss.  ivL. ).  11 

concentration  of  LAMP-2  has  not  oeen  determined  out  the  anti  com  c 
of  the  molecule  and  the  incorporation  or  sucnr  suostrates  were  cor 
that  found  with  LAMP-1.  Biosynthetic  iaoel  inn  of  LAMP-2  witn 
[  S]ireth  ion  ine  was  markedly  less  than  that  of  LAMP-1,  hut  tn  is  oi 
attributed  either  to  the  con  con  tr  a  t  iui  of  the  pro;... An,  me  th  i  on  ;ne 
rate  of  synthesis.  Glycoprote  ins  with  similar  properties  were  cos 
Burnside  and  Schneider  (1032)  as  major  com  iron  on  ts  of  lysosomal  me;; 
by  Kato  et  aK  (  1934)  as  constituting  5  percent  of  the  total  proto 
percent  of  the  membrane  protein  of  tr i to somes.  The  tissue  express 
molecules  in  the  mouse,  including  the  Beige-J  :mus.>  genetically  de 
lysosomal  function,  also  appeared  to  be  identical.  Both  proteins 
in  cells  known  to  contain  high  concentrations  of  1  vs os  ores .  In  ad 
intense  staining  of  pancreilic  islet  cells  .aid  a  gr  nuiur  p  ittern 
in  acinar  cells  suggested  that  both  glycoproteins  w •■•re  also  compon 
secretory  and  storage  granules.  Possible  evidence’  for  independent 
of  LAMP-1  and  LAMP-2  was  obtained  in  compering  the  imuiunoh  is  tochrei 
staining  of  the  protein  in  different  cell  lines.  In  repeated  expe 
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intensity  of  immuno fluorescent  1  -3b e  1  inn  of  LA' -IP-.?  in  Harvey  sarcoma  virus 
transformed  NIH  3T3  cells  was  reduced  as  compared  to  the  un  transformed  c°ils, 
whereas  there  was  no  difference  in  LAMP-1  expression  between  the  two  cells. 

Distinctive  features  of  LAMP-1  and  LAMP-3  were  the  hian  concentrations  of 

oli gosacchari des.  A  model  suagested  by  the  data  is  that  the  al ycopro te ins 

contain  a  large  number  of  asparagine-linked  hinh  mannose  ol  i  nos  acch  ar  ides 

added  cotr anslationally  and  then  orocessed  to  chain  s»auences  found  in 

complex-type  oligosaccharides.  Studies  with  tunicamvcin,  which  blocks 

assembly  of  the  lipid-linked  ol  i  gosacchari  de  precursor,  indicated  that  the 

core  polypeptides  of  LAMP-1  and  LAMP-2  were  svn tries  icon  as  molecules  of  42, COO 

and  44,000  dal  tons,  respectively.  These  resuits  were  s  instantiated  bv  the 

effect  of  endoglycos  idase  H,  which  .acts  soeci  f  i  cal  i  v  on  e  ion  man  nos  o 

oligosaccharides.  The  approximately  92,000  da i ten  precursor  n i vcooro te  ins 

3  5 

pulse-labeled  with  [  Sjmethionine  for  o  min  ,mu  isoiueu  ay 
immunopreci  pi  tation  were  converted  by  the  enzyme  to  poi  vneouoe  o.mcs  or 
43,000  and  45,000  daltons  for  LAMP-1  .in  iJ  LAMP-2,  resu-ict :  v--i  /.  Ac;  r  •-•••,  u.  t . 
also  indicate  that  the  multiple  bands  of  the  precursor  q  i  vc  ,-jr  :■  i.-.-ms  ;-.;unu  uy 
SDS-PAGE  analysis  of  the  unprocessed,  pu 1 se- label  ed  samuics  can  be  uttr  iuuteu 
to  heterogenei ty  in  the  asparagine  linked  high  mannose  core  oligosaccharides 
of  these  glycoproteins.  The  core  polypeptides  obtained  after  treatment  with 
tunicamycin  or  endoglycos idase  H  were  present  as  single  oands.  The  difference 
in  apparent  molecular  weight  between  the  approximately  43 , COO -dal  ton  core  and 
92,000  dal  ton  precursor  molecules  would  be  sufficient  fer  as  many  as  20  to  25 
high  mannose  chains  per  polypeptide.  Lewis  et  al .  (  1935)  directly 
demonstrated  at  least  18  asparagine- 1  i  nked  ol  i  gosacchari  dc-s  on  the  lpgil’O. 
Subsequent  processing  of  the  mannose-rich  precursor  to  mature  molecules  of 
110,000  and  105,000  for  LAMP-1  and  LAMP-2,  respectively,  can  be  attributed  to 
the  formation  of  complex-type,  highly  sialiatod  ol  i  gosacchar  ides .  The  5  min 
[■^Sjmethionine  pulse-labeled  molecules  became  resistant  to  endoglycos  idase 
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H  after  about  30  min  of  chase  incubation,  com  os  non  dim  to  the  a  on  oar  anco  of 
the  nature  glycoproteins.  Simultaneously,  the  mol  ocul  es  became  n  mh 1  y 
sialiated,  with  a  large  number  of  acidic  im^iartr’  c  variants  revealed 
two-dimensional  gel  electrophoresis,  particularly  with  LAMP-1  wo i oh  contained 
more  than  16  distinct  fractions  between  pH  4.1  and  7.0  'Ch-  n  -  . .  1 L- : 5  a 
Neuraminidase  eliminated  these  acidic  forms .  yiel  dim  molecules  with  -n 


alkaline  pH  (Chen.  et.  _al_. ,  1935b).  The  bas  is  for  toe  non  -rent  w----  •  <o 
molecular  weight  during  terminal  process  ina  is  un< ncwn  .  To-  -r 
markedly  heterogeneous  in  that  the  apparent  molecular  weiont  or 
[^Hjglucos  amine- lab  el  ed  gl  vcoorotein  aooeared  creator  tn  an  *">  *.t  :* 

o  r 

[  3S]rrethion  in  e-  label  ed  molecules  cr  protein  stained  w  i  tn  •' 

Coomass  ie  Blue  (Chen  et  al . ,  1935a).  it  th  us  aooeared  tn  :t  a  s  a  a .  i  fra 

of  the  protein  contained  a  majority  of  tne  suoar  residues  .n  tn  at  tn  :s 
heavily  glycosylated  fraction  correspondingly  migrated  at  rn  ;u-r  ;:m  voit 

molecular  weights.  The  effect  was  not  attributed  to  ,  i  a  1  :  t  a.:-  :  v:  vi-.-re  was 

no  comparable  effect  of  neuraminidase  on  molecular  .-.ei  mit.  'r:  if --it  ;  t.n 
monensin  blocked  the  increase  in  apparent  molecular  .-.el  :.-;t  :u  :  •'  t,  .1  *e  :  n 
molecules  of  about  85,030  dal  tons,  slightly  smail-.ri'  tn  mi  tne  < 
pulse-labeled  precursor  of  about  92,000  dal  tons.  Ongoing  studies  .Marie, 
unpublished)  show  that  monensin  markedly  reduces  the  rate  of  processing  of  tne 
high  mannose  oligosaccharides  and  it  is  speculated  that  sc.ce  process  occurring 
during  terminal  processing  in  the  Golgi  and  related  to  tne  apparent  change  in 
molecular  weight  was  blocked  by  the  drug.  For  example,  the  reduced  rate  of 
migration  in  SDS-PAGl  electrophores  is  of  the  low-density  lipoprotein  receptor 
has  been  related  to  0-linked  residues  (Cummings,  et  al  . ,  1933)  and  it  is 
possible  that  there  is  0-linked  glycosyla t ion  of  the  LAMP  proteins  in  the 
Go  1 g i  . 

These  results  provide  evidence  that  the  biosynthesis  of  both  LAMP-1  and 
LAMP-2  involve  passage  through  the  Golgi  apparatus  and  processing  of  the 
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N-linked  high  mannose  chains  to  complex-type  ol  i  oosacch  ar  i  do .  This  likely 
differs  from  the  processing  of  lysosomal  enzynes  which  do  not  appear  to 
traverse  the  Golgi  system  and  are  modified  by  a  highly  specific 
mannos  e-6-phos  ph  ate  recognition  system  catalyzed  by  enzynes  believed  to  reside 
in  the  cis  Golgi  cisternae  reviewed  by  Kornfeld  and  Kornfeld.  1985).  In 
repeated  attempts,  we  have  not  detected  phosphorylation  of  the  LAMP 
glycoproteins.  Moreover,  we  recently  have  identified  a  molecule  in  human 
cells  that  is  homologous  to  LAMP-2  and  find  this  glycoprotein  markedly 
enriched  in  cells  derived  from  patients  with  I —cel  1  disease  (ML  1 1 )  or 
pseudo -Hurler  pol  yd  vs  trophy  (MLIII)  (Chen,  unouo  1  isned ) .  These  diseases  are 
characterized  by  tne  absence  of  the  mannose  onosDnate  recocmticn  marxer  on 
lysosomal  enzynes  and  diminisned  cellular  concentrations  or  tne  enzymes. 

The  recently  described  lysosomal  menmrane  al  ycoorote  ins  are  similar  in 
several  properties.  One  remarkable  correlation  is  the  hi  oh  content  of 
N-l  inked  oligosaccharide.  The  rat  protein  lojlZO  of  Lewis  e  t  a  1  .. .  (1985),  the 
chicken  CV24  antigen  of  Li  ppenco  Lt-Schwar  tz  and  Lamarc.  <n  ,  *:nu  LAM  ?- 1  .and 
LAMP-2  all  contain  polypeptide  cores  of  80,000  to  50,000  .1  si  torts  tint  are 
modified  by  high  mannose  oligosaccharides  to  precursor  glycoprote  ins  of  dDout 
90,000  dal  tons  and  processed  to  mature  glycoproteins  of  about  110,000  to 
120,000  dal  tons.  It  can  be  speculated  that  this  high  carbohydrate  composition 
is  important  to  the  function  of  the  glycopro  te  ins .  Another  relationship  is 
the  presence  of  CV24  protein  and  the  100,000  dal  ton  glycoprotein  identified  by 
Reggio  (  1984)  on  endosome  and  plasma  membranes  in  addition  to  the  lysosomal 
localization,  whereas  the  1  pg  120  Lewis  et  al . ,  (  1935)  and  LAMP-1  and  LAMP-2 
are  restricted  to  lysosomes.  Moreover,  the  Reggio  antigen  and  CV24  were  found 
on  the  ruffled  border  pi  asmal  emma  of  osteoclasts  whereas  the  1  pq  1 20  was  absent 
(Baron  et  al.,  1985).  It  is  likely  that  some  of  these  glycoproteins  are 
homologous.  Unfortunately,  direct  immunological  comparison  is  difficult 
because  of  the  different  species  of  origin  of  the  antigens.  Definitive 
comparison  of  the  proteins  awaits  peptide  sequencing. 
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FIGURE  LEGENDS 


Fig.  1  LAMP- 1  and  LAM  P-2  are  integral  membrane  proteins .  H  fUtNIH  1  S  v;p»"o 
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metabol  ical  1  y  labeled  with  [  S]meth  ion  ine  as  described  in  Materials 
and  Methods.  The  washed  cells  were  aliquoted  into  seven  pre-wei  cried 
conical  tubes  and  collected  by  centrifugation.  Various  extraction 
agents  were  added  to  the  pellets  at  a  ratio  of  extraction  -agent :  cel  1 
pe 1 1 et=lO:i  (w/w),  as  follows:  A,  Hank's  buffered  saline:  3,  1.0 
percent  Tri ton- X- 100;  C,  5  mM  EDTA  with  3  cycles  of  freeze-thaw:  D. 

1.0  M  KI;  E,  50  mM  guanidine  HCL ;  F.  1.0  M  urea;  an n  G.  v.5  percent 
Nonidet  P-40.  To  each  of  these  PMSF  was  adcea  to  a  finai 
concentration  of  ImM.  After  incubation  at  room  temper  attire  for  30  mi  n 
the  cells  were  centrifuged  at  100,000  x  g  for  1  nr  >t  4 ' C.  The 
supernatants  were  dialyzed  exhaustively  aaainst  lysis  Duffer  . 5 
percent  Nonidet  P-40,  5  r,M  EDTA,  ibO  inM  Nad  I  ,  iU  mM  i  r  i  s-nG  1 ,  pn  7.5) 
and  centrifuged  at  100,000  x  g  for  1  hr  at  4  0  f  :::er  nai  an  t") .  The 
pellets  from  the  first  100,000  x  g  cen tri fuga ticn  were  extracted  a 
second  time  with  lysis  buffer  ana  the  suspension  was  centrifuged  at 
100,000  x  g.  The  supernatant  was  retained  ("pellet").  1  x  10°  acid 
preci  pi  table  dpm  of  the  supernatant  and  the  pellet  extracts  were 
incubated  with  the  a-LAMP-1  or  a-LAMP-2  monoclonal  antibodies  and  the 
immune  complexes  were  processed  and  analyzed  by  SDS-PAGE  as  described 
in  Materials  and  Methods. 


Fig.  2 


Biosynthetic  processing  of  LAMP-1  and  LAMP  2  in  cells  pulse-labeled 
35 

with  f  S]meth  ion  ine.  HaNIH  cells  were  pulse-labeled  for  5  min, 
chased  for  the  indicated  time,  and  extracted  and  analyzed  by 
immunopreci  pi  tation  with  anti -LAMP-1  and  anti-LAMP-2  monoclonal 
antibodies  followed  by  SDS-PAGE,  as  described  in  Materials  and  Methods 
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Fig.  3  Identification  of  a  core  pre.^irspr  polypeptide  in  coils  trotted  with 

t  un  i  camvci  n .  HaNIH  cells  were  on  pin  cub  a  ted  and  pulse— 1  abel  ed  foe  15 
3  5 

min  with  [  S]meth  ion  ine  in  the  presence  (tunic)  or  absence 
(control)  of  2  ug/ml  tunicamycin  (Calbiorhem,  La  Jolla.  CA).  The 
cells  were  extracted  and  10^  dpm  of  aci  d-oreci  pi  tab  le  radioactivity 
were  incubated  with  anti -LAMP- l  and  the  imnunopreci pi to tes  were 
analyzed  by  SDS-PAGE  as  described  in  Materials  and  '-'e th o  1c  . 

Fig.  4  Identification  of  the  products  of  pulse-  1  abeled  LAMP-1  and  LAMP-? 
treated  with  endogl  yens  idase  H.  HaMIl!  cells  I  an  1  ■■■'<  with 

->  r 

[j3S]reth  ion  ine  for  5  min  were  harvested  irrr.eni  a :.o  i  /.  file  irmune 
complexes  obtained  with  anti  -LAMP- 1  and  an  ti -;.A-12-2  as  c-scr  •  poo  in 
i  Materials  ana  Methods  were  soluoiiized  in  40  a i  cr  f..n-)  ::u;for  (0. 1 

M  Na  citrate.  pH  a. 6,  0.1  percent  SOS.  0.2  o nr cent  3-mer c a o too tn an o i . 
and  1  mM  PMSF)  by  boi  I  inq  for  2  min.  im-nunooreci  pi  tates  were  divided 
into  two  equal  aliquots.  Two  mill  i  u.-i  i  ts  of  >-n.:ou ;  yens  i  ua^o  ,-i 
(Boer  ingher  Mannheim,  Indi  .map.)  1  is  ,  id)  w--->re  a  ct  i- ■  i  to  one  samme  anj 
both  were  incubated  at  37 'C  for  12  hrs.  The  proteins  were  analysed  by 
SDS-PAGE  followed  by  f 1 uorogr aphy. 

Fig.  5  Monesin  effects  the  oost-tr«a.ns !  atinnal  processing  of  L  AM  P-1  and 

LAMP-2.  HaNIH  and  P3S3  cells  were  pulse- lab  el  ed  with 
3  5 

[  S]meth  ion  ine  for  5  min  and  incubated  in  the  presence  of  unlabeled 
methionine  as  described  in  the  text  with  the  exception  that  0.2  to 
10.0  mu  monensin  (Calbiochem)  was  included  in  the  preincubation , 
labeling,  and  chase  media.  A  and  3:  LAMP-1.  C  and  D:  LAMP- 2.  A 
and  C:  HaNIH  cells.  3  and  D:  P383  cells.  Control  cells  without 
monensin  were  pulse- 1  abeled  for  5  min  and  harvested  immediately  (lanes 


■'A 


■c.V-' 


•  “V 

•.?vJ 

i<y  * 

-."w 


iJ"  a 

& 

ffiS 


:«.>v 


/y\ 


Fig.  6  In  vivo  expression  of  LAMP-1  and  LAM  P-2.  Frozen  sections  of  mouse 
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1)  or  chased  for  120  min  (lanes  2).  Other  cells  were  all 
preincubated,  labeled  for  5  min  and  chased  for  120  min  in  the  presence 
of  different  concentrations  of  monensin:  0.2  uM,  (lanes  3);  0.5  HI, 
(lanes  4);  1.0  uM,  (lanes  5);  2.0  ;;M,  (lanes  61;  5.0  H-1,  Hanes  7). 

The  cells  were  extracted,  immunopreci  oi tated  and  examined  by  SDS-PAGE. 
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tissue  were  incubated  with  anti  -LAMP-1  (f  .n  ) ,  -nth  -LAM  P-2  ''b,dl,  50227 
(e,g),  or  P3x63A8  (a,c),  and  then  processed  as  described  in  Materials 
and  methods.  For  each  tissue  examined,  the  sections  treated  with 
control  antibodies  were  devoid  of  reaction  product  ia.c.e.o’i.  Kicnev 
of  Eei ge-J  mouse  (a.b):  Tubules  ( T)  stained  intensely  wnile  glomeruli 
(G)  snow  negligible  staining.  Pancreas  from  Beioe-J  mouse  (c.a ):  Trie 
pancreatic  acinar  (pa)  cells  show  moderate  granular  cytoplasmic 
staining,  while  the  islets  of  Langerhans  (I)  stained  intensely.  Lame 
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intestine  from  3alb/c  mouse  (e,f):  Staining  of  epithelial  ceiH  nr 
intestinal  villi  and  crypts  appeared  to  be  concentrated  in  the  lorn.-s 
of  the  cells.  Lung  from  Salb/c  mouse  (g,h):  Intense  in  trace!  HH  ur 
and  surface  staining  of  alveolar  macrophages  (M).  Magnification  = 
xlOOO. 

Fig.  7  Immunocvtochemi  cal  localization  of  LAMP-1  and  LAMP-2  in  UIH  and  HaMH 
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cells.  NIH  (A, 3)  and  HaNIH  (C,D)  cells  were  grown  to  50  percent 
confluency  in  35-mm  plastic  dishes  and  fixed  j_n  s  itu  with  3.0  percent 
paraf ormal dehyde  in  PBS  for  10  min.  The  cells  were  washed  several 
times  with  PBS  followed  by  Dulbecco's  modified  Eagle's  medium.  They 
were  then  incubated  for  30  min  at  room  temperature  with  anti -LAM  P-1 
(A,C)  or  anti  -LAMP-2  (3,0)  culture  supernatant  diluted  1:10  with  PBS, 
0.1  percent  BSA,  and  0.1  percent  saponin  (Sigma,  St.  Louis,  M0).  The 
cells  were  then  washed  with  PBS  and  incubated  for  an  additional  30  min 
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in  P3S,  0.1  percent  BSA  and  with  aff ini  tv-pur i tied  no at  anti-rat  Ic3 
conjugated  to  rhodamine  (Kirkegard  and  Perry)  in  PBS,  0.1  serpent  3SA 
and  0.1  percent  saponin.  Cells  were  photographed  us  inn  a  Zeiss 
microscope  equipped  with  epi i  1  umi nation  and  a  100X,  I. A.  1.4  oil 
objective.  Photographs  were  made  with  Kodak  Ekta chrome  pP00  film  and 
processed  by  E-6P  procedure.  All  photocraohs  were  made  at  the  s  re 
exposure.  N=-nucl eus.  Mag  =  X  1200. 
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